Background: Fish is considered by nutritionists as the main source of omega 3 (n-3) polyunsaturated fatty acids which is not available in common edible plant oils. However, methylmercury (MeHg) in fish is considered as the major contributor from food. Risk benefit analysis of MeHg and n-3 fatty acids became a hot topic in the past decade. Different risks and benefit analysis on the consumption of fish have been reported, but most of the analyses were based on the data extracted from different databases.
Background
For many years, fish has often been the focus of attention in both contaminants and nutritional studies. Nutritionists [1] consider seafood to be an important source of highquality proteins, vitamin D, and essential fatty acids (EFAs). EFAs are similar to vitamins in terms of their importance to our health. Unlike vitamins, EFAs are macronutrients (i.e., necessary in g/day). A joint study released by the Food and Agriculture Organization and the World Health Organization [2] recommends that at least 6% to 10% of our daily calorie intake be in the form of EFAs.
Current dietary guidelines recommend a diet low in saturated fatty acids (SFAs), with a moderate amount of monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs), including the n-6 and n-3 families. The recommended ratio of n-6 to n-3 usually varies between 4:1 (or less) and 10:1. The human body cannot produce all n-3 fatty acids, but two of them, it needs. These two, linoleic acid and alpha-linolenic acid, are widely distributed in plant oils. Fish oils contain the longer-chain n-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), while other marine oils, such as from seal, contain significant amounts of docosapentaenoic acid (DPA). The n-3 fatty acids found in fish oils and marine oils can help to fulfill the requirement of EFAs.
The level of MeHg in fish is of particular concern worldwide because significant exposure to MeHg can cause adverse effect to the nervous system, especially the developing brain. In 2000, JECFA established a PTWI of 3.3 ug per kg bw per week for the general population but highlighted that the fetus and infant might be at a greater risk of toxic effects [3] . In 2003, this PTWI was reduced to 1.6 ug per kg bw per week following further risk assessment [4] . This value was considered to be sufficient to protect the developing fetus, which are the most sensitive to MeHg.
However, the health risk of chemicals/nutrients in fish is usually assessed separately. In recent years, the evolving science and debate concerning the risks and benefits of consuming fish have resulted in confusion as to how much fish should be consumed. National food safety agencies have recognized the need to provide useful, clear, and relevant information to populations that are concerned about making the healthiest choices when considering whether or not to eat fish [5, 6] .
Mahaffey [7] noted the interplay between fatty acids and MeHg and provided data on typical contents by species of fish or shellfish. Besides, she also commented that the choice of fish species by consumers is crucial to the balance between the risks and benefits of consuming fish. AFSSA [8] concluded the advantages of diversifying the consumed fish and seafood species in terms of proportions and provisioning origins in order to ensure a rational balance between benefits and risks compatible with nutritional and toxicological recommendations. Mozaffarian et al. [9] reported the benefits of fish intake exceed the potential risks based on both the strength of the evidence and the potential magnitudes of effect. For women of childbearing age, benefits of modest fish intake, excepting a few selected species, also outweigh risks. Zhang et al. [10] concluded that the changes in fish consumption related to MeHg advisories have a minor influence on the intake of EPA and DHA and on the percentage of women with EPA and DHA intake exceeding the guideline for Japanese women. Subsequently, US FDA [11] published a draft quantitative risk and benefit assessment report on the consumption of commercial fish and focused on fetal neurodevelopmental effects. Nevertheless, this simulation could aid the selection of fish species in order to ensure adequate intake of EPA and DHA while minimizing exposure to MeHg.
The 38th Session of the Codex Committee on Food Additives and Contaminants requested the Codex Alimentarius Commission to convene a Joint Food and Agriculture Organization of the United Nations (FAO)/ World Health Organization (WHO) Expert Consultation on the health risks associated with the presence of MeHg and dioxins in fish as well as the health benefits of fish consumption. FAO and WHO then convened a Joint Expert Consultation in Rome in January 2010 to assess the issues. The Expert Consultation concluded that fish is a major source of food and essential nutrients in some populations, and consumption of fish provides energy, protein, and a range of other important nutrients, including the long-chain n-3 polyunsaturated fatty acids [12] . Among the general adult population, the consumption of fish, particularly fatty fish, lowers the risk of mortality from coronary heart disease. There is an absence of probable or convincing evidence of risk of coronary heart disease associated with MeHg.
Most of the levels of MeHg (or tHg) and n-3 fatty acids used for the discussion were based on data extracted from different databases. However, levels of MeHg contamination vary widely. Among different species of tuna, there is a three-fold difference in mean levels of contamination between canned light tuna (0.128 ppm) and canned albacore tuna (0.350 ppm) or tuna that is sold fresh or frozen (0.391 ppm) [13] . MeHg contamination also varies greatly between individual fish and depends on its species, age (size), mercury levels in living environment, and food sources. Therefore, the evaluation between MeHg and omega-3 fatty acids based on data extracted from databases might not truly reflected the correlation but provided a general picture of the relationship.
Among the literatures, the reports that analyzed both the levels of MeHg and omega-3 fatty acids in different fish species are rare. The CALIPSO study conducted by AFSSA has analyzed both the levels of MeHg and n-3 fatty acids of 30 different fish but not down to fish species.
Hong Kong is a city well known for its high consumption of seafood. Recently, around 90 commonly consumed fish species have been collected and analyzed for their total and MeHg contents. The exposure of tHg and MeHg from food in Hong Kong has also been assessed [14] . Besides, the fatty acid profiles of these fishes were analyzed. As FAO/WHO [12] encouraged member countries to generate representative data on levels of n-3 fatty acids, mercury, and dioxins in fish species in the form consumed in their countries, this paper summarized and presented the findings of tHg, MeHg, and n-3 fatty acids (EPA and DHA) of these fish species.
Methods

Samples
Fish species commonly consumed in Hong Kong were randomly sampled during the sampling period of April to August of 2007 from various premises, including supermarkets and fresh provision shops, at different locations for marine fish or freshwater fish in whole fish form for identification:
Local fish from wet markets and other fish-selling premises Imported fish for preparation by restaurant Fish samples from the same batch were collected and sent to the Agriculture, Fisheries and Conservation Department (AFCD) for species identification. The samples were gutted and separated into edible portion including skin and flesh, homogenized and stored at −20°C until they were analyzed. For each fish species, equal weight of the primary samples was mixed, ground, and remixed to obtain a single homogeneous composite sample before analysis. The composite fish samples were analyzed on composite basis for fatty acids (50 fatty acids in all). The number of fish species and the number of individual samples collected for each species were limited by resources available and availability of fish during the sampling period. Ideally, examination of more samples for each species would better reflect the mercury levels for each species.
Analytical determination of tHg, MeHg, and fatty acids
For tHg determination, all food samples were digested according to modified AOAC Official Method 990.08. In brief, the samples were digested by concentrated nitric acid at 95°C for 2 h. Then, H 2 O 2 was added, and the mixture was kept at 95°C for another 1 h. After dilution, the quantification of tHg was performed by a flow injection mercury analyzer equipped with an amalgam preconcentration system (FIMS 100, Perkin-Elmer, Wellesley, MA, USA).
For MeHg, homogenized fish sample was extracted with 50% HCl by sonication for 3 h. After centrifugation, the extract was derivatized with sodium tetraphenylborate. The quantification of MeHg was performed by a gas chromatograph-mass selective detector, operating in the selective ion monitoring mode [15] .
All fish samples were analyzed according to a slightly modified AOAC Official Method 996.06. In brief, the lipid of the samples was hydrolyzed by concentrated nitric acid. Pyrogallic acid was added to prevent oxidative degradation of fatty acids during acid hydrolysis while triundecanoin was added as internal standard. After hydrolysis, fatty acids extracted into diethyl ether were concentrated and then methylated to fatty acid methyl esters (FAMEs) with boron trifluroide as derivatizing agent. FAMEs yielded were quantitatively measured by using a gas chromatograph equipped with flame ionization detection system (6890: Agilent Technologies, Santa Clara, CA, USA). The separation was achieved with a SP-2560 (100 m × 0.25 mm × 0.28 μm) column. The oven was hold at 100°C for 4 min, then ramped to 240°C with rate of 3°C/min and held for another 20 min. The injector temperature was 225°C with split ratio of 150:1.
Results and discussion
Method Though a number of capillary columns claimed that they are suitable for the separation of FAMEs, none of them could baseline separate each FAMEs. In order to obtain better separation or more theoretical plates, the carrier gas was changed to hydrogen instead of helium. Upon such minor modification of the method, almost every peak of FAMEs standard could be well resolved except the peaks of C18:1n−7 t, −9 t, and −12 t that cannot be completely resolved. Further, the separation between the GC peaks of C22:1n−9 t and C20:3n-3 became baseline separated (see Figure 1 ). In general, the limit of quantification can attain down to 0.004 mg per 100 g flesh weight.
tHg, MeHg, and fatty acid profile Table 1 summarized the fish species, tHg, MeHg level, and concentration n-3 fatty acids (EPA and DHA) of commonly consumed fish in Hong Kong. Levels of other n-3 fatty acids were summarized in Table S1 . The fishes containing the highest amount of fat are Japanese eel, Altanic salmon, and yellow croaker, with levels of more than 10 per 100 g, while those with the lowest content of fat are tonguefish and orange-striped emperor, with levels less than 300 mg per 100 g.
All of the samples were found to contain quantifiable amount of MUFAs and PUFAs. The levels of MUFAs and PUFAs in different fish species ranged from 27.2 to 9,730 to 67.9 to 4,140 mg per 100 g, respectively, while the highest MUFAs and PUFAs levels were found in Japanese eel and Atlantic salmon, respectively. Small amount of trans fatty acids was detected in most of the tested fish species except starspotted grouper, honeycomb grouper, Bombay duck, and white-edged lyretail while the highest level was found for grey mullet at 93.9 mg per 100 g.
For n-3 and n-6 PUFAs, the highest content was found for Atlantic salmon and grey mullet at the level of 2,900 and 1,980 mg per 100 g, respectively. Regarding EPA, DHA, and DPA, fatty acids that need to be intake from food, the total amount varied from 31.3 to 2,510 mg per 100 g. No matter whether the individual or sum of these n-3 fatty acids is concerned, the highest amount was found in Atlantic salmon. While Japanese eel, laced moray, grunt, yellow croaker, silver pomfret, false halibut, white trevally, purple amberjack, and yellowtail kingfish from region B were also found to contain more than 1,000 mg per 100 g of these n-3 fatty acids. Hence, the choice for fishes rich in these n-3 fatty acids is not limited.
Among DHA, EPA, and DPA in 88 fish species, DHA was found to be the highest. Further, DPA was not detected in six different fish species and does not seem to depend on the lipid content. For fish species with more than 1,000 mg of the sum of DPA, DHA, and EPA per 100 g, the content of these n-3 fatty acids is in the order of DHA > EPA > DPA, except for laced moray in which the level of DPA is higher than EPA. However, such order is not applicable for fish species with low n-3 fatty acids.
Regional variations
For samples of fish that shipped from a specific country, it is not necessary true that the fish was caught or produced in that country. It was also noted that in the same Seriola lalandi species, significantly different fatty acid levels were found in samples coming from different regions. Although S. lalandi from region B (in South Pacific Ocean) was just about 10% shorter than that of region A (in North Pacific Ocean), the n-3 fatty acids content was three times more than that of region A. Figure 2 showed the ratios of n-3 fatty acid and MeHg of S. lalandi from regions A and B. Furthermore, the major fatty acids from regions A and B were found to be SFA and MUFA, respectively, i.e., significantly different from each other. The fatty acid profiles of Relationship between MeHg and n-3 fatty acids Figure 3 plotted the n-3 fatty acids and MeHg contents of 88 fish species. Besides alfonsino that had high MeHg and low n-3 fatty acids, other tested fish species were found to have relatively low MeHg content. This finding suggested that pregnant women, women planning pregnancy, and young children when selecting fish species in their diet should avoid eating predatory fish, alfonsino. In general, the plot is comparable to that reported by Mahaffey et al. (2008) and FAO/WHO study. It should be noted that only those fish species where the whole fish was available in the market were sampled.
Some imported fish that contained high levels of mercury were not available as whole fish and were therefore not included in the sampling and analyses in this study. Predator fish that were not sampled included swordfish, shark, marlin, tilefish, orange roughy, and other species of tuna (bluefin, bigeye, albacore, and yellowfin). Generally, predator fish were located in the region of low n-3 fatty acid and high level of MeHg in the chart plotting the levels of MeHg and n-3 fatty acids (EPA and DHA). However, both Zhang et al. [10] and FAO/WHO studies reported that Pacific bluefin tuna got high n-3 fatty acids and MeHg. In this study, the skipjack tuna sampled was found to have low n-3 fatty acids and MeHg.
Regarding the relative contents of MeHg of tHg in different fish species, i.e., the ratios of MeHg to tHg were in the range of 0.46 to 0.99 and in good agreement with the literature [16] [17] [18] [19] . Therefore, the relationship between tHg and n-3 fatty acids is similar to that of MeHg and n-3 fatty acids. For each of the 88 fish species, the contents of MeHg and n-3 fatty acids (EPA plus DHA) were classified according to its levels in Table 2 . When compared to the FAO/WHO study, the n-3 fatty acids of fish species are, in general, lower than that found in other countries. One of the possible reasons is that quite a number of different fish species available in Hong Kong is farmed, which included grouper, eel, snapper, etc. Therefore, the feed used would affect the level of n-3 fatty acids. For those wild fish, such as skipjack tuna and alfonsino, the living region is an important factor in determining the contents of MeHg and n-3 fatty acids. With reference to the present finding, most of the fish species, greater than 80% have mean MeHg levels of lower than 0.1 ug/g. Out of the 88 fish species, 25 different fish species could provide n-3 fatty acids greater than 3 mg/g. Further, n-3 fatty acids of 11 and 2 of these 25 fish species were found to greater than 8 and 15 mg/g on flesh weight, respectively.
In summary, the observed difference between this study and other similar studies might due to the fact that other datasets usually pooled data from different databases. Furthermore, the living environment is an important determinant of both n-3 fatty acids and MeHg levels. As 
